Abstract. The pathways of gastric cancer in young patients (40 years of age or younger ) have not yet been determined. We therefore examined clinicopathologically and genetically 68 gastric cancers in young patients and 66 tumors in older patients (41 years of age or older). Mutations in B-raf and Kras were identified by PCR-SSCP following sequencing. Microsatellite instability (MSI) and hMLH3 mutations were also examined. Histopathologically, diffuse-type gastric cancer and cancer in the whole of the stomach were found significantly more often in young patients than in older patients (21% vs. 2%, P=0.0006, and 77% vs. 32%, P<0.0001, respectively). Genetically, MSI and hMLH3 mutations were found significantly more often in tumors in young patients than in tumors in older patients (15% vs. 4%, P=0.040, and 9% vs. 0%, P=0.036, respectively). Tumors in young female patients were found significantly less often in the lower-third of the stomach and showed a significantly greater frequency of MSI, compared to tumors in young male patients (33% vs. 9%, P=0.046, 5% vs. 30%, P=0.010, respectively). These results suggest that the pathways of gastric carcinogenesis differ between young patients and older patients, and that the pathways differ between the sexes in young patients.
Introduction
Gastric cancer has been decreasing in incidence over the last decade, but it is still the second most common cause of cancerrelated death worldwide (1) . It occurs most frequently in individuals 50-70 years of age. Gastric cancer results from a combination of environmental factors and accumulation of specific genetic alterations. Environmental factors, such as Helicobacter pylori (H. pylori) infection and a high-salt diet, and genetic factors play important roles in gastric carcinogenesis (2, 3) . Genetic alterations, such as activation of oncogenes K-ras and B-raf and inactivation of tumor suppressor gene p53, play important roles in the development of gastric cancers (4) . Dysfunction of DNA mismatch repair genes, which leads to microsatellite instability (MSI), also plays a crucial role (5) .
Gastric cancers occurring in young patients (40 years of age or younger) account for less than 5% of all gastric cancers (6, 7) . There have been several reports comparing clinicopathologic and biologic characteristics of young patients and older patients (more than 40 years of age) (8) . Young patients with gastric cancer, in comparison to older patients, are thought to show a more aggressive clinical course and have a poorer prognosis. Thus, gastric cancers in young patients may have different genetic profiles from those in older patients. Although genetic characterization of gastric cancers has been the focus of several studies, few have addressed this issue specifically in young patients. The genetic pathways in young patients have not yet been determined. We therefore examined genetic alterations in gastric cancers to clarify differences in the disease between young patients and older patients.
Materials and methods
Study subjects were 134 patients with gastric cancer (68 young patients and 66 older patients) treated surgically at Hiroshima University Hospital or an affiliated hospital during the period 1990 through 2004. The young patients with gastric cancer were enrolled consecutively, and the older patients were enrolled randomly. For each patient, both cancerous and normal tissues were obtained at surgery.
Four-micrometer-thick sections were prepared from formalin-fixed, paraffin-embedded specimens. The sections were stained with hematoxylin and eosin (H&E) for histologic examination. Gastric cancers were classified as intestinal-type or diffuse-type as defined by Lauren (9) . Depth of invasion was classified as to the mucosa or submucosa (early stage) or to the muscularis propria or deeper (advanced stage). The presence of lymph node metastasis was also examined. To analyze the relationship between tumor location and genetic alterations, the stomach was divided into three parts: the upper, middle, and lower parts. H. pylori infection was examined histologically with Giemsa staining. The presence of follicular gastritis, a type of H. pylori-associated gastritis characterized by the presence of prominent lymphoid follicles in the mucosal layer of the stomach (10), was also examined in the patients.
Ten-micrometer-thick tissue sections were placed on glass slides and stained with H&E. The tissue sections were then dehydrated in graded ethanol solutions and dried without a cover glass. Cancerous and normal tissues on the slides were scraped up with sterile needles, separately, by a microdissection technique. DNA was extracted from the tissues with 20 μl of extraction buffer [100 mM of Tris-HCl; 2 mM of ethylene diamine tetraacetic acid (EDTA), pH 8.0; 400 μl/ml of proteinase K] at 55˚C overnight. The tubes were boiled for 7 min to inactivate the proteinase K, and then 2 μl of the extracts was used for each polymerase chain reaction (PCR) amplification.
Each tumor was evaluated for MSI by analysis of the mononucleotide repeat, BAT26. The microsatellite assay was performed as described elsewhere (11) . The primer sets used in the present study are shown in Table I . Briefly, each 15 μl reaction mixture containing 10-20 ng of genomic DNA; 6.7 mM of Tris-HCl, (pH 8.8); 6.7 mM of EDTA; 6.7 mM of MgCl 2 ; 0.33 μM of primer labeled with (Á-32 P)dATP; 0.175 μM of unlabeled primer; 1.5 mM of each deoxynucleotide triphosphate; and 0.75 units of AmpliTaq Gold DNA polymerase (Perkin-Elmer, Branchburg, NJ) was amplified for 40 cycles as follows: denaturation at 94˚C for 30 sec, annealing at 55˚C for 30 sec, and strand elongation at 72˚C for 30 sec. The PCR products were electrophoresed on 6% polyacrylamide-8 M urea-32% formamide gels and autoradiographed overnight at -80˚C with Fuji RX film. When additional bands appeared in the tumor DNA on the BAT26 marker, the tumor was defined as MSI-positive. Two mononucleotide repeats (poly A tracts) of hMLH3 were also examined (12) .
B-raf and K-ras genes were also examined. PCR-singlestrand conformation polymorphism (SSCP) analysis was performed as described previously (4) . The aberrant migration band on the SSCP gel was removed, amplified again, and directly sequenced on both strands with an ABI PRISM 310 Table I . Primer sets used in the present study. Table II . Clinicopathologic characteristics of young and older patients with gastric cancer. 
genetic analyzer (Perkin-Elmer ABI, Foster City, CA). For the sequencing reaction, a PRISM AmpliTaq DNA polymerase FS ready reaction dye terminator sequencing kit (PerkinElmer ABI) was used.
Fisher's exact probability and Chi-square tests were used for comparisons of clinicopathologic and genetic factors. P<0.05 was regarded as significant.
Results
Representative cases are shown in Figs. 1 and 2 . Clinicopathologic characteristics of young patients and older patients with gastric cancer are shown in Table II . The mean age of young gastric cancer patients was 35.3 (range, , and that of older gastric cancer patients was 64.5 (range, 44-90). Cancer in the whole of the stomach was found significantly more often in young patients than in older patients [11/53 (21%) Genetic characteristics of gastric cancers in young patients and in older patients are shown in Table III . MSI was found significantly more often in tumors in young patients than in tumors in older patients [10/65 (15%) vs. 2/51 (4%), respectively, P=0.040 by Fisher's exact probability test]. Mutations in hMLH3 were found significantly more often in tumors in young patients than in tumors in older patients [5/56 (9%) vs. 0/51 (0%), respectively, P=0.036 by Fisher's exact probability test]. One detected K-ras mutation was a GGT to GCT (Gly to Ala) mutation at codon 12. Out of 10 B-raf mutations detected, 6 were CAT to CCG (His to Leu) mutations at codon 396 of exon 11, and 4 were CAG to CCG (Glu to Pro) mutations at codon 608 of exon 15. The frequencies of B-raf and K-ras mutations did not differ significantly between tumors in young patients and those in older patients.
The clinicopathologic characteristics of young gastric cancer patients are shown by sex in Table IV The genetic characteristics of gastric cancer in young patients are shown by sex in Table V . MSI was found significantly more often in female patients than in male patients [8/27 (30%) vs. 2/38 (5%), respectively, P=0.010 by Fisher's exact probability test]. There were no significant differences in the frequencies of hMLH3, B-raf, and K-ras mutations between the sexes in young gastric cancer patients.
Discussion
Gastric cancers in young patients are reported to have different clinicopathologic characteristics from gastric cancers in older patients. For instance, diffuse-type gastric tumors and liver metastasis are reported to occur significantly more frequently in young patients than in older patients, and young patients are reported to have a more aggressive phenotype and poorer prognosis than older patients (8) . These findings suggest that the pathways of gastric cancer in young patients differ from those in older patients. The increased frequency of cancer of the whole stomach and diffuse-type gastric cancer that we observed in young patients is similar to results reported previously. These data also suggest that the pathways of gastric cancer in young patients may differ from those in older patients.
We examined genetic alterations in gastric cancer to clarify whether the molecular profiles of tumors differ between young patients and older patients. Gastric cancer can occur as a hereditary non-polyposis colorectal cancer, whereby alterations in the mismatch repair genes (hMLH1, hMSH2, hMSH6, etc.) are responsible for colorectal, gastric, and endometrial tumor formation (13) . Disrupted function of mismatch repair genes manifests as MSI and has been reported in 15-39% of sporadic gastric cancer. A single test of BAT26 can identify cases positive for high-level MSI (14, 15) . Several researchers have reported that MSI is rare (0-1.3%) in gastric cancer in young patients. However, Hayden et al (6) reported MSI in 6% of gastric cancers in young patients, and Semba et al (16) reported MSI in 22% of gastric cancers in young patients. In the present study, 15% of gastric cancers in young patients showed MSI, and MSI was found significantly more often in tumors in young patients than in tumors in older patients. In addition, tumors in young patients had significantly frequent mutations of hMLH3, one of the mismatch repair genes, compared with tumors in older patients. Mutation of the major mismatch repair genes, hMSH2 and hMLH1, has not been detected in gastric cancers in young patients (17) . Thus, it is possible that hMLH3 mutation is a key genetic change in the development of gastric cancer in young patients. The number of cases examined in the present study was limited; further examination of genetic changes in a greater number of cases may be necessary. Table IV . Clinicopathologic characteristics of gastric cancer in young male and female patients. Table V . Genetic characteristics of gastric cancer in young male and female patients. Table III . Genetic characteristics of gastric cancer in young and older patients. 
We previously reported that follicular gastritis confers a high-risk for diffuse-type gastric cancer and is predominant in female patients (10, 18) . In the present study, cancer in the whole of the stomach and MSI were was found significantly more often in young females than in young males, and follicular gastritis tended to be more common in young females than in young males. These results suggest differences between the sexes in the genetic pathways of gastric cancer in young patients. This is the first reported study to focus on differences between the sexes regarding the clinicopathologic and genetic characteristics of gastric cancer in young patients.
ras genes are the most frequently mutated oncogenes in human cancers (19) . The vast majority of ras mutations associated with human diseases involve K-ras (20) . Activating point mutations of the gene affect codons 12 and 13. K-ras mutations are reported in 2.8-20% of gastric cancers (4) . In the present study, K-ras mutations were detected in only 3% of tumors in older patients and in none of the tumors in young patients. The results were similar to those reported previously.
Recently, B-raf mutations have been reported in human malignancies, such as colon cancer and melanoma (21) . Almost all reported B-raf mutations have occurred within two kinase domains (the G-loop domain and kinase domain), and the most common mutation is a single substitution, V599E. B-raf protein plays a central role in the ras/raf/mek/erk pathway, relaying signals from activated RAS proteins. B-raf mutations in gastric cancer are reportedly infrequent at 0-2.2% (22, 23) . In the present study, B-raf mutations were detected in 12% of tumors in young patients and in 8% of tumors in older patients. The percentages in the present study were high compared to those reported previously. However, there was no significant difference in the frequency of B-raf mutations between young patients and older patients.
The B-raf and K-ras mutations were infrequent, and there were no significant differences in the frequencies of these gene mutations between the sexes. These genes may not be key genetic alterations in the development of gastric cancers.
In conclusion, the clinicopathologic and genetic differences in gastric cancer that we observed between young patients and older patients suggest that the pathways of gastric cancer development differ between these two groups. In addition, the clinicopathologic and genetic differences that we observed between gastric cancer in young male patients and that in young female patients suggest different pathways. Thus, even among young patients, the pathways of gastric cancer development may differ, depending on sex.
